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1
PORTABLE ELECTRO-THERAPY SYSTEM

This is a continuation of application Ser. No.
06/866,766 filed May 23, 1986, now abandoned.

BACKGROUND OF THE DISCLOSURE

A variety of biochemical events, particularly changes
in ion transport, protein synthesis and the like are in-
volved in the repair of fractured bones. It has long been

recognized that properly applied electro-therapy sig- .

nals can stimulate bone growth in the vicinity of fresh
fractures and non-union fractures, and apparently do so
by initiating or stimulating the requisite biochemical
changes. Extensive research has been conducted in both
experimental animal studies and human clinical trials
utilizing various specific waveform formats for such
treatment, including invasively-coupled, direct-current
devices; capacitively-coupled, symmetric and asymmet-
ric waveforms, and electro-magnetically coupled asym-
metric waveforms. Excellent technical reviews of this
field are J. A. Spadaro’s Bioelectric “Stimulations of
Bone Formation: Methods, Models and Mechanisms”,
in the Journal of Bioelectricity, Volume 1 (1), p. 99,
1982; and the Orthopedic Clinics of North America Sym-
posium on Electrically Induced Osteogenesis, W.B. Saun-
ders Corp. 1984.

All currently used electro-therapy therapy tech-
niques have one or more limitations. For example, inva-
sive techniques have the potential of increasing the risk
of infection, and unpredictable and potentially long-
term side effects. Capacitively-coupled systems are
limited by the fact that when operated at safe voltage
levels, they require electrical connection between ca-
pacitive plates and the skin in the area surrounding the
fracture site. Conductive jellies are typicaily employed
and, by their nature, do not lend themselves to long-
term installation. Electromagnetically, inductively-cou-
pled techniques have required high power consumption
waveform generation devices and bulky coil configura-
tions that compromise the patient’s ability to function
normally outside of the clinical environment; Represen-
tative U.S. patents describing the above devices are
4,535,775, inventors Brighton and Pollack; 4,667,809,
inventor Brighton; 4,467,808, inventors Brighton and
Pollack; 4,266,532, inventor Ryaby; 3,952,751, inventor
Yanger; 3,893,462, inventor Manning; and 3,890,953,
inventors Kraus and Viehbach. :

It generally takes bone fractures, particularly non-
union fractures, many weeks or months to heal, and this
is true even with the aid of electro-therapy where it has
been tried as an adjunct treatment in an experimental
setting. Because the presently utilized electro-therapy
devices are, with a few exceptions, not truly portable, if
the patient is to benefit from electro-therapy, he must
have ready access to a source of electric power to effect
treatment. Considering the time required for a bone to
heal, this constraint is particularly annoying on a day to
day basis, and requires that a patient constantly inter-
rupt his daily routine for treatment, which may in turn
cause failure of the patient to comply with the required
protocol. Therefore, it is apparent that it is desirable to
produce a device having the effective features of the
devices currently in use but lacking their undesirable
features, particularly their power wasting aspects. By
creating a more power-efficient electro-therapy device
it is possible to considerably reduce the size of the elec-
tro-therapy machines, hence permitting the construc-
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2

tion of a completely portable device that allows the user
to go about his daily routine without being tethered to
a source of electric power.

A few inventors have appreciated the practical ad-
vantages of having a portable electro-therapy device. It
is important to note that portability in the art is taken to
mean a device readily carried by the patient without
cumbersome support aids, and particularly connotes
devices less than two pounds in weight, and no larger
than a conventional pocket camera. U.S. Pat. No.
4,432,361 describes a portable device that has self moni-
toring features thereby allowing the patient to ascertain
its operational status without having to have it checked
by a physician, or another person skilled in the use of
the device. This invention is an improvement over that
described in U.S. Pat. No. 3,842,841 which does not
have the desirable self-monitoring features. Another
portable electrotherapy device is described in U.S. Pat.
No. 4,574,809. It shows a device suitable for integration
into an orthopedic cast with a signal generator remov-
ably mounted in the cast.

SUMMARY OF THE INVENTION

This patent describes a portable electro-therapy de-
vice having considerable advantages over prior devices.
In an exemplary embodiment of the invention, the defi-
ciencies of prior art systems are overcome in a system in
which an effective treatment signal is produced in a low
power consumption device, and then efficiently cou-
pled to the treatment site by transducers that may be
conformed to the external body line contours in the
vicinity of the treatment site so that the entire system
lends itself to portable, ambulatory use. Prior to the
Applicant’s invention, it was generally assumed that the
body did not respond to short duration symmetric elec-
tromagnetic pulses, resulting in the development of
bulky circuit devices for generating the long-duration
pulses thought necessary for effective treatment. Appli-
cant has discovered an hithertofore unrecognized fea-
ture of the biology of healing realized by electro-
therapy, particularly bone healing, but the effectiveness
of the device encompasses healing of damaged tissues
generally. The “effective treatment signal™ of this in-
vention comprises symmetrically shaped pulses, espe-
cially those of a relatively short pulse width, and espe-
cially grouped into a burst of pulses followed by a quiet
time, which are as efficacious as devices applying other
electrical parameters. This realization has permitted the
design of a device using several orders of magnitude less
power than required by existing devices. This finding,
coupled with conformal transducer designs for deliver-
ing the low power signal to the damaged tissue site,
permits the development of a truly electro-therapy de-
vice.

A variety of transducers of specific designs can con-
tribute to the overall energy efficiency of the subject
device. However in an exemplary embodiment of the
invention, the conformal assembly complex comprises a
solenoidal coil of varying turns applied around a limb
and connected to a power source to generate signals at
the treatment site.

As applied to healing of bone fractures, the applica-
tion of the invention described herein in no way affects .
or interferes with present treatment protocols. Thus,
the physician is given a treatment option especially for
those fractures, for example, non-union fractures,
which, by experience and analysis, have been deter-
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3
mined to be most likely to require surgery or other
invasive procedures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an effective electro-therapeutic signal.

FIG. 2 relates the amplitude of an effective signal
with the stiffness ratio when Atpw=>5pusec,
Atgw=>5msec and fgw=15Hz.

FIG. 3 compares the energy efficiencies of various
coil transducers.

FIG. 4 displays a solenoid transducer positioned
about a patient’s leg with a fractured tibia.

FIG. 5 reveals a block diagram of the subject inven-
tion.

FIG. 6 depicts a perspective view of a conformal
magnetic dipole transducer.

FIG. 7 is an enlarged sectional view taken on line
7—7 of FIG. 6; and

FIG. 8 is an enlarged sectional taken on line 8—38 of
FIG. 6.

FIG. 9 depicts the lines of flux of the magnetic field

established by a shielded dipole.
" FIGS. 10 and 11 are equivalent to FIG. 1 and illus-
trate respectively a sinusoidal wave pulse train and
triangular wave pulse train.

Table I shows that an effective signal is realizable
down as low as 0.5 usec pulse width.

Table II shows stiffness ratios obtained at varying
pulse widths-over the range 2-10 usec.

Table III shows stiffness ratios obtained at varying
amplitudes using 5 usec pulse width.

Table IV shows the calculated ranges of useable
hours of the electro-therapeutic device as a function of
different batteries, coil number, and signal pulse width.

DETAILED DESCRIPTION OF THE
INVENTION

It has been discovered that an electric signal of par-
ticularly unique parameters is able to stimulate healing
of bone fractures, and damaged tissues, especially bone
fractures that do not readily heal in the absence of treat-
ment such as non-union fractures. However, the subject
invention is equally effective in healing delayed unions
and failed fusions.

The portable electro-therapy device described herein
is based on experimental studies showing the therapeu-
tic effectiveness of an electro-magnetic signal having a
substantially symmetric waveform consisting of a train,
having positive and negative amplitudes of pulses and of
a particular range of burst widths, pulse widths, peak
amplitudes and frequencies. A key feature of this signal
is that it consumes nearly an order of magnitude less
energy than current state-of-the-art devices using differ-
ent signals. In part, this is because we have shown that
the pulse width of an efficacious signal can be reduced
down as low as 0.5 microseconds and still effect tissue
healing. The electro-magnetic field, and associated
power density established within the tissue is propor-
tional to dB/dt, or the rate of change of the magnetic
flux density, and thus is independent of pulse width for
dB/dt =constant. Since the power required to generate
a signal is a function of the puise width squared, the
power needed to establish an efficacious signal can be
reduced by narrowing the pulse width. Hithertofore,
this aspect of the electrobiology of tissue healing, par-
ticularly bone healing, has not been appreciated.

Biological studies were conducted on an animal
model system wherein the efficaciousness of the pulsed
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signal was established. The most reliable animal model
for these studies has proven to be the rabbit fibular
system as described by C.T. Brighton et al. in the Jour-
nal of Orthopedic Research. Volume 3, No. 3, 1985. In
this system rabbits underwent a mid-shaft transverse
osteotomy of one fibula, after which a suitable trans-
ducer connected to a power supply was installed over
the fracture. Both experimental and control animals
were treated with the signal shown in FIG. 1 where
Vs.c is the search coil voltage; Atpw is pulse width;
Atpwis burst width and fpwis burst frequency. We have
found that a Atpw perween 2 and 10 microseconds is thera-
peutically effective, with 5 microseconds being particu-
larly effective. Presently used devices generate Atpy/in
the ranges of 20 to 300 microseconds for asymmetric
signals.

While we experimentally have shown that a Atpw of
2-10 Asec is effective, it will be readily appreciated by
those skilled in the art that a Atpy »r0.5-20 microsec-
onds is therapeutically acceptable. This is anticipated
from simple theoretical considerations. For instance,
activation of the cellular machinery involved in bone or
tissue repair by electro-magnetic radiation requires de-
livery of a signal to the injured site having defined time
constants for burst, width and burst frequency. In order
to realize this, it is necessary for the signal to traverse
healthy tissue to reach the injured site, and thus not be
attenuated before doing so. This in turn suggests that
the time constants associated with the magnetic, elec-
tric, chemical, and electro-diffusion effects caused by
the signal exhibit particular time constants. It will be
appreciated, referring to Table I (from *Electric Fields,
Forces, and Flows in Biological Tissue,” Al Grod-
zinsky, MIT, July 1985) that the magnetic “diffusion”
equation assures that below 100 MHz that the magnetic
field completely penetrates through to the injured site.
For electric, “diffusion”, penetration of the bone by the
electric field remains high until 1 MHz. Further, the
viscous flow of interstital fluids in the canaliculi can
follow frequencies up to one MHz. In contrast. how-
ever, mechanical stress frequency responses attenuate
after 500 Hz. Although the exact mechanism for promo-
tion of healing is not known, it is presumed that electri--
cal penetration is required. Using the conductivity of
bone (one of the least conductive forms of tissue) a rise
time or tpy of 0.5 is required for a maximum efficacious
fgof 1 MHz.

Electro-therapy was continued for a period of 16
days during which time V.., Atpwand duty cycle were
varied. Following treatment, both control and experi-
mental animals were sacrificed and the fractured fibula
excised. The fibula were mechanically tested for 3 point
bending stiffness in a CGS Lawrence testing apparatus
as described by Brighton, discussed supra, and the maxi-
mum resistance to bending measured for all the fibulae.
The stiffness ratios of the fractured to intact fibulae of
the electrically stimulated rabbits was determined and
compared to those of the non-stimulated rabbits.

Briefly, within about 30 minutes after sacrificing the
animals, a deformation rate of about 4 mm/min. was
used and the stiffness ratio determined. The stiffness
ratio derived by ascertaining the slope of the load-
deformation curve, or stiffness, of fractured and intact
fibula in the same animal. In this way variation in fibular
strength for individual animals is controlled. The stiff-
ness ratios of animals in the experimental group were
compared to those of control animals at various pulse
widths and amplitudes.
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Tables II and III illustrate the effectiveness of this
invention by examples of stiffness ratio measurements
over a range of pulse width in microseconds at 100 mV
(Table II) and amplitudes in millivolts. In both Tables,
fp=15Hz and tpw=>Smsec. In Table II, V., =74mV
and Atpw varies from 2-10 usec. In Table III,
Atpw=5msec and V.. varies from 10-200 mV. Also in
both Tables, the average value of the stiffness ratio is
denoted by < x> or x, the standard deviation of the test
data by SD or o and the number of samples per test by
N. The search coil had 67 turns and a diameter of 5.8
mm.

The data in the Tables are readily interpreted from
the descriptions of the experiment and the definitions of
stiffness ratio given above. Stiffness measures the resis-
tance to deformation of an object (e.g., a bone) under a
given load; a higher value means a more rigid object. As
noted above, the stiffness ratio compares the stiffness of
an animal’s intact fibual with the stiffness of the fibual
on the same animal which has been broken and subse-
quently healed under the experimental conditions. The
higher the stiffness ratio, the more the broken bone has
healed and approaches the stiffness of the intact bone;
i.e., the better the healing process. It will be evident
from the data in Tables II and III that bones healed
under the electrotherapy stimulation of the apparatus of
the present invention were more completely healed
than the bones of the control animals which have not
been subjected to the electrotherapy, as is evidenced by
the statistically significant greater stiffness ratios of the
treated animals than of the control (non-stimulated)
animals.

While the signal shown above, is particularly electro-
therapeutically effective, it is to be anticipated that
other signals in addition to the simple positive and nega-
tive square wave will be efficacious. Thus it should be
emphasized that key features of a suitable signal are that
it be symmetric, have a narrow pulse width as described
above, and, moreover, display a bursted format. Thus it
is to be anticipated that rectangular waves, sine waves
and other wave forms with these properties will be
therapeutically effective.

The above discussion shows that it is possible to ef-
fect healing of bone fractures at hithertofore unsus-
pected low pulse width signals. This finding led us to
construct a small portable battery driven device capable
of producing an efficacious signal with suitable strength
ranging from 3-9 mv/cm at a distance of 2 cm. How-
ever, before we could take advantage of our electro-
therapy observations which opened the door to porta-
bility, it was desirable to combine the signal generator
with a more energy efficient transducer means for deliv-
ering the signal to the tissue damaged site. A determina-
tion of the optimal transducer design necessarily re-
quires a consideration of the power efficiencies of vari-
ous transducers. Further, partly determinative of the
type of transducer that is favored for a particular appli-
cation in the case of a bone fracture is the nature of the
bone fracture sought to be treated. Thus, for deep non-
union fractures, particularly those that occur to the
femur, a transducer capable of . delivering energy
through considerable soft tissue is desirable. In contrast,
a transducer requiring less power to maintain the same
field strength can be employed for bone fractures nearer
the skin, e.g. tibi or clavicle. .

A coil-type transducer is most preferred for treating
deep bone fractures. Consider, for example, that the
power needed to be applied to a coil-type transducer
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6

(i.e. Helmholtz paired coils, simple coil, simple coil
oblique to the fracture or solenoid) is:

P = Equation 1

a- n;zgc)(—é-)(f’—) (Viec -4 = 109 Acpwiiguss
<
where nrgc is the fractional energy recovery coeffici-
ent, L is the coil inductance, f.is coil sensitivity, V. is
search coil voltage, and Atpw, Atgw and fp are pulse
width, burst width and frequency respectively. It is
apparent, therefore, that a coil constant reflecting the
power efficiencies of the various types of coil transduc-
ers can be represented as:

Ke

A comparison of K. for several coil type transducers is
shown in FIG. 3 reveals that a solenoid coil type trans-
ducer is the most energy efficient. Indeed, the order of
energy efficient coil transducers is solenoid > simple
coil > oblique > Helmbholtz.

It will be appreciated that when a conformal solenoid
transducer for transmitting the signal shown in FIG. 1is
combined with a signal generating device, that the com-
bination is capable of being integrated into a cast or
associated therewith. An example is shown in FIG. 4. It
will be further appreciated that while a conformal sole-
noid is preferred, that the other coil transducers may
also be employed. Thus, a truly portable electro-
therapy unit is readily constructed for treating shallow
or deep fractures. FIG. 5 presents a typical block dia-
gram for this unit.

Another exemplary transducer is the conformal, mag-
netic dipole (CMD) which efficiently establishes shal-
low, focused fields on relatively superficial fractures,
such as the tibia, ulna, radius, clavicle, or scaphoid.
Whereas other transducers, simple coils, Helmholtz
coils, etc., establish large, power-wasting fields external
to the transducer, the CMD “captures” these extrane-
ous fields and redirects them towards the fracture zone,
effecting a 20-40% power savings while reducing expo-
sure of the remaining body regions to extraneous fields.
FIGS. 6-8 show an example of a conformal magnetic
dipole transducer. In FIGS. 6-8 the transducer exhibits
a metal shield 10, 10’ having an uplifted region 12, 12’
for housing the transducer coils 14, 14'. Current is sup-
plied by the wires 16, 16’ and flows through the coils 14,
14’ wrapped about a suitable support element 18, 18"
The latter is held in place by glue, resin or the like 19.
FIG. 9 shows the lines of flux 20 of the magnetic field
emitted from the conformal magentic dipole 22 below
the shield 24. It will be appreciated that by directing the
magnetic field in a preferred direction that there is a
considerable savings in energy.

It will be apparent that portability can be realized by
integrating, or in some way associating, the transducer
with the cast and having the power source and signal
generator removed a short distance away. For example,
the latter components might be attached to the user’s
waist belt and connected via leads to the transducer.
Alternately, all the components may be attached to, or
integrated into the cast. The former situation may be
favored when a patient needs constant electrostimula-
tion which may necessitate frequent replacement of
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batteries. On the other hand, for patients with minor
fractures the duty cycle needed for maximum rate of
healing may be considerably reduced, and there may be
no need to change batteries over the required stimula-

8
R: Driver Circuit, OQutput Resistance
r/t: Resistance/Turn
AtgW: Burst Width
fpw: Burst Freq

tion period. Here it might be desirable, for convenience 5 and Vi, ,=200mv, tpw=>5msec, tgw=>Smsec and
to the patient and esthetic purposes, to integrate the fp=15Hz.
entire unit in the cast. An additional feature concerning the subject inven-
It is anticipated that the power source used to gener- tion will be appreciated by referring to Equation 2 and
ate the therapeutic signal will weigh less than 2 pounds Table III. It is apparent that “N", or the number of
and be about the size of a medium size hand-held pocket 10 turns comprising the solenoid, is not invariant. By in-
camera. creasing or decreasing the number of turns it is possible
It will be appreciated that because of the energy to considerably alter the lifetime of the batteries used to
efficiency of the electro-therapy device that the user drive the device. Thus for a particular application, N
will not have to replace the batteries for at least days, will be chosen to best effect the user’s needs.
and perhaps not for months. Table IV shows the ap- 15 It will, of course, be understood that the foregoing
proximate number of useable hours of a device driven examples and discussion exemplify only the general
by particular batteries when the device has a solenoid principles and materials applicable to the present inven-
transducer with a diameter of 12.7 cm, an 1/d ratio of tion. Numerous modifications are easily envisioned that
about 1, and a resistance of 0.63 ohm. Varying these may be employed without departing from the scope of
parameters will, of course, effect the size of the batteries 20 the invention. For instance, as shown in FIG. 5, the
needed to achieve treatment Furthermore, it will be device can be anticipated to be removably adapted to a
noted that the information in the table was derived cast and fitted with a battery charging unit so that the
using the equation: patient can effect recharging, should this be desirable,
with reserve batter backs or during periods of non-treat-
Equation 2 25 ment. Further, circuitry capable of tracking the length
KLVf_c,,_,, Ay of time, or dose, of treatment, as well as visual or audi-
Ig = lon + Y (Rg + r/t N) — ble alarms to inform the patient of the same, are readily
s incorporated into the device. Moreover, the supporting
experimental results described herein, and the particu-
2 3 30 lars of the physical parameters of the electric signal
Wipw - Jpw) = | 5= X 10 ) used to achieve treatment, should not be viewed as
being directly applicable to a human suffering from
tissue or bone damage. It is the purpose of this invention
where: 15: Batt-Current to teac.h that a .hithertofore unknown type of elec;tric
IoH: Overhead Current 35 stgnal is _efﬁcacxous for ther.apy, and when combined
K.: Coil Constant ) with a su1tabl.e trans.ducer, yields a tn_.lly porFable elgc-
Atpw: =pulse Width tro-therapeutic dev1qe. Thus, experimentation easily
N: Turns/Coil conducted by one skilled in the art can establish the
Vs: Battery Voltage dptallS needqd to effectively scale up the present inven-
40 tion for use in humans.
TABLE I
fg = T
PHYSICAL DEFINING 7 TIME EQUIVALENT EQUIV.
EFFECT EQUATION CONSTANT BREAK FREQUENCY Atpw PARAMETERS
MAGNETIC 5H ! Suo 2 = permeabilit
DIFFUSION o T Tl.-;_ v . (25 X 10~%) x 47 x 10~7 = 100 MHz ,; = xZ‘onduclivit);/
H = field
ELECTRIC ) € .5 us = itivi
DIFFUSION V.oE = —— ra To-9108 = | MHz — 1 GHz 02 b n = R rmeability
VISCOUS dv n 2 -3 5 us = viscosi
DIFFUSION el e A P ': —————-103:?0_6)2 = 1 MHz * ; - d::;:_'vl‘v
R = channel radius
(1 pm)
MECHANICAL 52 5% 10T % 10-15 m = .modulus
. mk '—W = 500 Hz k = HYD Constant
TABLE I
STIFFNESS RATIOS
PULSE WIDTH (us) @ 100 mV
EXPERIMENT CONTROL 2 3 4 5 7 10
9 <X> = 1.20 <X> = .66
May SD = 0.78 SD = .194
N =6 N =
11 <X> = .236 <X> = 312
June SD = .147 SD = .175
July N=7 N = 18
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TABLE Il-continued

STIFFNESS RATIOS
PULSE WIDTH (us) @ 100 mV.

EXPERIMENT CONTROL 2 3 4 5 7 10
16 <X> = .24 <X> = .302
Oct.- SD = .114 SD = .166
Nov. N =4 N=35
18 <X> .207 <X> =.225 <X> = 216
Nov.- SD = .009 SD = .097 SD = .156
Dec. N=2 N=6 N==6
19 <X> =.156 <X> = .265 <X> = .156
Jan. SD = .029 SD = .204 SD = .029
N=35 N=9 N=5
22 <X> =.156 <X> = .301
Feb. SD = .030 SD = 043
N=2¢6 N =7
TABLE III
STIFFNESS RATIO
EXPERIMENT CONTROL 10 25 50 75 100 125 200
9 x = .120 x = .266
May o = .078 o = .194
N=6 N =16
10 x = .128 x = .142
June o = .044 o = .086
N=6 N=9
11 x = .236 x = .312
June- o = .147 o =.175
July N=7 N =18
12.5 x = .201 X = .464
July- o = .097 o = 074
August N=3 N=7
13.5 x = .224 x = .214
August o= o = .079
N=1 N=35
14 x = 226 x=.189 x=.113
September o =.107 o=.116 o=.072
N=5 N=11 N=3
15 x = .167° x=.177 x=.275 x=.327
September- o = .076 o =.066 o =.098 o =.148
October N =4 N=38 N=6 N==¢6
15.5 x = .288 x =272
October o = .104 o = 201 .
N=2 N =38 -
16 x = .244 x=.295 x=.302 x=.359
October- o =.114 o =.139 o =.166 o=.237
November N=4 N=7 N=S5 N=3§
1. A portable apparatus for electro-therapy of bone
45 fractures comprising:
TABLETV a source of electric power connected to a means for
uS  1gg Cap Dur Wt converting said electric power into a series of sub-
Battery Type VBmin N tow mA mA-hrs Hrs g stantially amplitude-symmetric voltage cycles, said
}gg 2:‘: S}Sﬁg }gg 52 g #g 1‘8’{; g% ;E'i 121;‘5‘2 voltage cycles comprising a train of bursted pulses
i . " . ) . . 3 . j
Ix 9VNICAD 231 37 SuS 37 100 27 133 50 having a pulse width of 0.5-20 mxc_roseconds, and a
2 X 9V Alkaline 12 19 5uS 216 450 2 92 transducer means connected to said source of elec-
IX9V 18 28 5uS 69 450 65 138 tric power for receiving said symmetric voltage
gi- i 1}:{':§“m @ }(5’ g gug ﬁi lg(l)g gg g? cycles positioned so that an electromagnetic field
ithium n . et . : : ..
29 V* Zn AIR 13 20 5us 171 100 41 0 ata fracture site is generated by applying said elec
9 55 tric power to said transducer.
93Lithium 225 35 7 71 916 129 2. An apparatus as described in claim 1 wherein said
;5§9AVA T:Ji(éﬁg ;g? gg ; #g 12'25 ?% lfél source of electric power is a battery having a voltage of
9 V™ Ni . T - , , - i
3 %9 V" Akafine 12 2% 7pS 13 450 35 fibout 10-40 volts and a volume of about 2-6 cubic
2"9 V" Zn-AIR 1320 Tps 33 700 2 inches. o o
69 V Akaline 36 57 7 24 450 188 60 3. An apparatus as described in claim 2 wherein said
g g x Q:a:fﬂe :; ;‘; ; #g g-é :gg ‘gg voltage cycle comprises a symmetric electric signal
aline I 8 . - i i
61 A Lithium s 23 3uS 45  o9l6 204 having a frequenf:)f of about 5-25 Hz, and a burst width
153 AANiCAD 165 26 3pS 35 300 8 of about 1-10 milliseconds.
6§ A Lithium 15 2310 44 916 21 4. An apparatus as described in claim 3 further com-
93 A Lithium 275 36 10 139 916 66 65 prising a voltage cycle having a peak to peak amplitude
3 PP Lithium L2 a4 130 30 of greater than 25 mV and less than 200 millivolts
5. An apparatus as described in claim 3 wherein said
I claim: electric signal is sinusoidal.
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6. An apparatus as described in claim 3 wherein said
electric signal is a rectangular wave.

7. An apparatus as-described in claim 3 wherein said
wave form is triangular.

8. An apparatus as described in claim 1 wherein said
source of electric power weighs less than 2 pounds.

9. An apparatus as described in claim 1 wherein said
transducer means is a coil transducer selected from the
group consisting of a conformal solenoid, oblique coil,
and simple coil.

10. An apparatus as described in claim 1 wherein said
transducer means is a conformal solenoid.

11. An apparatus as described in claim 1 wherein said
transducer means is a conformal magnetic dipole.

12. An apparatus as described in claim 1 wherein said
transducer means is formed in a cast so that said trans-
ducer means is closely proximal to said fracture site.

13. A portable apparatus for stimulating tissue healing
comprising a battery supplying power connected to a
means for converting said power to a series of substan-
tially amplitude-symmetric voltage cycles, said voltage
cycles comprising a train of bursted pulses having a
pulse width of approximately 2-10 microseconds, and a
peak-to-peak amplitude of approximately 50-150 milli-
volts, and a transducer means connected to received
said voltage cycles for transducing said voltage cycles
into an electromagnetic field at a treatment site to stimu-
late tissue healing at said treatment site.

14. An apparatus as described in claim 13 wherein
said source of battery power is 10-40 volts and has a
volume of about 2-6 cubic centimeters.

15. A portable apparatus for stimulating tissue healing
comprising a battery supplying power connected to a
means for converting said power to a series of substan-
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tially amplitude-symmetric voltage cycles, said voltage
cycles comprising a train of bursted pulses having a
pulse width of approximately 2-10 microseconds, and a
transducer means connected to receive said voltage
cycles for transducing said voltage cycles into an elec-
tromagnetic field at a treatment site to stimulate tissue
healing at said treatment site.

16. An apparatus as described in claim 15 wherein
said source of electric power is a battery having a volt-
age of about 10-40 volts and a volume of about 2-6
cubic centimeters.

17. An apparatus as described in claim 15 wherein
said transducer means is a coil transducer selected from
the group consisting of a conformal solenoid, oblique
coil, and simple coil.

18. An apparatus as described in claim 15 wherein
said transducer means is a conformal solenoid.

19. An apparatus as described in claim 15 wherein
said transducer means is a conformal magnetic dipole.

20. An apparatus as described in claim 15 wherein
said transducer means is formed in said cast so that said
transducer means is closely proximal to said treatment
site.

21. A portable apparatus for stimulating tissue healing
comprising battery power connected to a means for
converting said battery power to a series of substan-
tially amplitude symmetric voltage cycles, said voltage
cycles comprising a train of bursted pulses, and a trans-
ducer means connected to receive said voltage cycles
for transducing said voltage cycles into an electromag-
netic field at a treatment site to stimulate tissue healing

at said treatment site.
* * * * *
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